used as an index of pancreatic function. Usually a six hour urine collection period is used after administration of the test substance together with a Lundh test meal or a glucose solution, because this is the shortest collection period giving good discrimination between patients and normal subjects.2 3 In the literature this test is compared with the Lundh test,2-4 the secretin-pancreozymin test,6 faecal chymotrypsin activity58-11 and faecal fat910 and is said to give a good correlation with these tests. This comparison, however, was mostly made in normal subjects and in unequivocal cases of moderate to severe pancreatic insufficiency.
In order to document its clinical usefulness in a wide spectrum of suspected pancreatic abnormalities in which a routine Lundh test was performed, an Received for publication 5 September 1980 8 additional PABA test was done for comparison of discriminatory accuracy. In a number of cases a discrepancy was observed between the two tests, revealing a normal PABA test in the presence of a mildly abnormal Lundh test. This difference made us investigate more thoroughly the kinetics of some of the processes which occur after the oral administration of BTPABA.
Methods
Per test 1 g" BTPABA was administered in tablet form together with 150 ml of a Lundh test meal. From this time urine was collected for at least six hours, if possible in collection periods of one hour. Oral water intake during the test period was encouraged. The Lundh test meal contains 6% (w/v) fat, 5% (w/v) protein, and 15% (w/v) carbohydrate in water.
In a small number of volunteers an equimolar amount of free PABA (340 mg) was administered, either in combination with 150 ml of the Lundh test meal or with water only.
The Lundh test was performed in the usual way,12 with one 30 minute collection period before and four 30 minute collection periods after administration of 300 ml of the test meal. When Lundh test
In vitro and in vivo analysis ofthe PABA test compared with the Lundh test-influence ofintraluminalpH and PABA test were performed simultaneously, only 150 ml of the test meal was given. In the intestinal aspirates pH and trypsin activity were measured. Assay for trypsin was performed on a Radiometer autotitrator module, with a pH stat method using N-benzoyl-L-arginine ethyl ester hydrochloride (BAEE) as a substrate.13 With this method our lower limit of normal for the mean trypsin activity (MTA) is 8.6 U/mI, which is in agreement with the value of 9.6 U/ml reported in the literature. '2 In vitro determination of the kinetics of proteolysis of BTPABA by chymotrypsin was performed with different concentrations of the substrate, ranging from 0.25 to 9.9 x 10-3 mol/l, in 0.1 mol/l phosphate (pH [7] [8] Then, in five normal subjects urinary PABA excretion was followed in the same way after ingestion of an equimolar amount of free PABA, also with 150ml of Lundh test meal. A very similar excretion pattern was obtained, apart from a shorter initial lag phase. Semi-log plotting gave as value for Tl 108 +22 min (k±2SD). Ingestion of free PABA with water instead of Lundh test meal resulted in a much faster PABA excretion. In contrast with the normal situation, where only small amounts of unconjugated PABA could be detected in the urine-that is, without previous acid hydrolysis-25-30 % of the excreted PABA-mainly in the first two hours-reacted directly after oral administration of free PABA in water.
The results of PABA and Lundh test for 50 consecutive patients presenting with pancreatic, small intestinal, liver, or biliary complaints, were compared as summarised in Fig. 2 of PABA excreted in a six hour urine portion was apparently independent of the MTA. In order to explain the discrepancies in the second area, further in vitro determinations of the kinetics of the hydrolysis of BTPABA by chymotrypsin in human duodenal fluid were performed. Determination of the Km resulted in a value of 2-2 x 10-3 mol/l at pH 7.8, which corresponds with the values of 2-9 x 10-3mol/l and 1-28 x 10-3 mol/l reported in the literature.16 17 Lowering of the pH to levels which are more regularly found in small intestinal aspirates resulted in substantial lowering of the values for Km and Vmax as illustrated in Fig. 3 (Fig. 2) . The percentage of PABA recovered from the urine in these normal subjects showed, however, a correlation-although weak-with the mean intestinal pH found in the Lundh test (r=0.58; p <0.05).
Discussion
Comparative study of the PABA test and Lundh test showed that urinary PABA excretion was directly dependent on the chymotrypsin activity in the intestinal fluid only in patients with more severely disturbed pancreatic function (Fig. 2) The simultaneous intake of a Lundh test meal not only provides physiological stimulation of the pancreas, but also slower gastric emptying, resulting in a more gradual delivery of substance to the intestine and thereby more gradual appearance of PABA in the urine, which then occurs almost completely in the acetylated form.
At the acid pH of the gastric juice, BTPABA is insoluble in contrast with free PABA, which does not precipitate at that pH. This could be another factor leading to more gradual delivery of PABA to the intestinal wall for resorption. That this may result in a faster stomach evacuation for free PABA can be deduced from the semi-log plots, where a shorter lag phase is found before the rate-limiting first order process.
In the intermediate range of mild to moderate pancreatic insufficiency, there is a confluence of two slow processes with velocities of the same order of magnitude: PABA excretion dependent on chymotrypsin activity and on other factors. The reaction conditions can determine which process will be the slowest. Therefore, we see in this range in a number of cases not only an abnormal Lundh test in combination with an abnormal PABA test, but also in a significant number of patients a discrepancy between Lundh and PABA test.
Kinetic experiments in vitro clearly show a profound influence of the pH on Vmax as well as Km of chymotrypsin with PABA as substrate (Fig. 3) . This pH influence becomes rather important, because duodenal pH can vary substantially-even in normal subjects-between 4 and 8. The average pH of 6.07 found in Lundh aspirates of our normal controls is substantially different from the pH optimum of 7T8 of chymotrypsin.
The combined Lundh and PABA tests, performed in a small number of persons, show that the BTPABA concentration in the duodenum is in the millimolar range (Fig. 4) , the range of Km, and that therefore the turnover rate at higher pH of the intestinal fluid will be about half-maximal. At lower pH, where the Km is 10 times lower (Fig. 3) Surprisingly, even in normal subjects, a correlation -although weak-is found between the result of the PABA test and the intestinal pH, where T-for urinary PABA excretion does not reflect an intestinal process. We must therefore assume that the influence of gastric emptying and of the pH of the intestinal contents on the delivery of free PABA to the intestinal wall is important enough to be reflected in the correlation found. Overall, there is an acceptable correlation between the Lundh test and the PABA test. In situations of moderately low luminal trypsin (and presumably chymotrypsin) activity, intestinal pH becomes of major importance in determining the velocity of BTPABA hydrolysis. The higher the luminal pH, the less abnormal the urinary PABA excretion will be. BTPABA tablets were a gift from Hoffman-La Roche & Co, Basle, Switzerland. We thank Mrs J. Stokman-Morskate for skilful technical assistance. 
